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Abstract: This work presents the design of an audio-visual (AV) intervention to mitigate the
psychological challenges experienced in confined and extreme environments. It presents initial findings
of an experiment that tested its effects in Antarctica through an interdisciplinary collaboration
between architects, environmental psychologists, and media artists. The novelty of this work lies in
using video projections with varying landscape content and imagery type (literal or abstract, the latter
created using Generative Al), and testing them in a real-life extreme environment at the Bulgarian
Antarctic base “St. Kliment Ohridski”.

The AV stimuli developed for this study enabled, for the first time to our knowledge, a direct
comparison between human-captured natural landscapes and geometrically abstracted visuals
generated via a real-time Al pipeline based on Diffusion Models (DMs) in extreme environments.
Designed to operate offline, a critical requirement in remote environments, the pipeline used an open-
source DM to generate abstract visual representations that systematically reduced the informational
complexity of human-captured footage. These transformations were achieved via text-to-video and
video-to-video techniques, overlaid with animated Perlin 3D noise. To measure the effectiveness, we
pre-rendered the final video footage (Image 2a-c) while preserving certain image characteristics such
as the average color and luminance for the same landscape content (Image 2d-f). The study also
examined familiarity by using two types of natural landscapes, forest and icescape, along with an urban
environment. The videos were 16 minutes long, rendered in 1920x1080, with audio matching the visual
(i.e., birdsong, ice floating, or urban sounds of equal loudness).

The experiment followed a 3x2 within-subjects design, with landscape content (forest,
icescape, urban environment) and imagery type (literal, abstract) as factors. A total of 13 participants
(10 male, 3 female), inhabitants of the Bulgarian Antarctic Base, aged between 35 and 56 years, took
part in the study. Each took part in three experimental sessions within a dedicated experimental room
where they conducted office-like tasks while exposed to the AV projections (see Supplementary
Images). In each session, participants were exposed in random order to both imagery types in the
same landscape content, selected randomly, and physiological measures (HR, EEG) and self-reports
were recorded. This paper examines the effects of landscape content and imagery type on self-
reported ratings of relaxation, fascination, liking, complexity, disturbance, and distraction.

Analyses were conducted with Linear Mixed Models (LMM) with content, type, and their
interaction used as fixed effects, and the participant number as a random intercept. The session
number was used as a covariate to account for possible confounding effects. Results showed that
content significantly influenced ratings of relaxation (F(2, 60) = 15.84, p <.0001; all other ps >.05), with
the urban environment being rated as less relaxing than both the icescape (B =-2.71, p <.0001) and the
forest (B =-2.38, p =.0001), and no significant differences between icescape and forest (p = .89)
Moreover, a significant interaction was found between content and type for ratings of liking (F(2,
58.24) = 6.41, p = .003; all other ps >.078) and fascination (F(2, 58.23) = 5.07, p = .009). Pairwise
comparisons showed that content levels only differed between them for the literal and not the
abstract type. For the literal type, results are in alignment with those of relaxation, showing that the
urban environment was rated lower in liking and in fascination than both the icescape (liking: B=-2.69,
p = .001; fascination: B=-2.38, p =.006) and the forest (liking: B=-3.93, p <.0001; fascination: B=-3.30, p
<.001) (all other ps >.20 for liking and >.50 for fascination). Regarding fascination, results also showed a
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main effect of type (F(1, 58) = 4.57, p =.04), but estimated marginal means were almost identical.
Lastly, no significant effects of type, content, their interaction, or session were found regarding how
complex (all ps >.14), disturbing (all ps >.08), or distracting (all ps >.07) the projection was perceived.

Results

Our findings demonstrate that the effects of landscape content on liking and fascination
depend on imagery type, with differences appearing only for literal landscape depictions. Conversely,
for relaxation, content was the main driver of responses, independently of imagery type. Lastly, the Al-
generated abstract imagery was not perceived as more complex, disturbing, or distracting. Although
our sample size is limited, the outcomes of this work showcase the potential of generative Al in
extreme environments and motivate further work in designing emotionally attuned and context-
sensitive interventions, which are essential in extreme environments where psychological well-being is
closely linked to sensory conditions.

Image 2: (Left) Varying landscape content (forest: a, d; icescape: b, e; urban environment: c, f) and iagery type (literal: a-c, abstract: d-f)
(Right) Photograph during the study.

References

Balomenaki, C., I. Chrysochoou, A. Tsilia, K. Biniakou, and K. A. Oungrinis. “Proposition for Modular Space Habitat.” In 35th IAA Symposium on

Space and Society, International Astronautical Federation (IAF), 2024.

Baron, Robert A., Mark S. Rea, and Sheila G. Daniels. “Effects of Indoor Lighting (llluminance and Spectral Distribution) on the Performance of

Cognitive Tasks and Interpersonal Behaviors: The Potential Mediating Role of Positive Affect.” Motivation and Emotion 16, no. 1 (1992): 1-33.

Barsalou, Lawrence W. “Grounded Cognition.” Annual Review of Psychology 59 (2008): 617-645.

https://pubmed.ncbi.nIm.nih.gov/17655924/.

Basu, Tamalee, Olga Bannova, and Jorge D. Camba. “Mixed Reality Architecture in Space Habitats.” Acta Astronautica 178 (2021): 548-555.

https://doi.org/10.1016/j.actaastro.2020.09.036

Bolles, Susan Magsamen, and Ivy Ross. Your Brain on Art: How the Arts Transform Us. New York: Random House, 2023.

https://www.yourbrainonart.com/.

Bolwerk, Anne, Jessica Mack-Andrick, Frieder R. Lang, Arnd Dorfler, and Christian Maih&fner. “How Art Changes Your Brain: Differential Effects

of Visual Art Production and Cognitive Art Evaluation on Functional Brain Connectivity.” PLOS ONE 9, no. 7 (2014): e101035.

https://doi.org/10.1371/journal.pone.0101035.

Ferris, Jean. From Object to Experience: The New Culture of Architectural Design. London: Routledge, 2017.

https://books.google.com/books/about/From_Object_to_Experience.html|?id=uPVNDwWAAQBAJ.

Ho, Jonathan, Ajay Jain, and Pieter Abbeel. “Denoising Diffusion Probabilistic Models.” Advances in Neural Information Processing Systems 33

(2020): 6840-6851. https://arxiv.org/abs/2006.11239.

Kanas, Nick, and Dietrich Manzey. Space Psychology and Psychiatry. Dordrecht: Springer Science & Business Media, 2008.

https://doi.org/10.1007/978-1-4020-6770-9.

Karaman Madan, Ozge, Kynthia Chamilothori, Mariélle Aarts, Juliétte Duijnhoven, and Yvonne Kort. “Light in Motion — Effects of Dynamic and

Static Light Patterns from Nature on Subjective and Physiological Stress.” Building and Environment (2025): 112933.

https://doi.org/10.1016/j.buildenv.2025.112933.

Kombeiz, Olga, Anna Steidle, and Eva Dietl. “View It in a Different Light: Mediated and Moderated Effects of Dim Warm Light on Collaborative

Conflict Resolution.” Journal of Environmental Psychology 51 (2017): 270-283.

Newsham, Guy R., and Jennifer A. Veitch. “Lighting Quality Recommendations for VDT Offices: A New Method of Derivation.” Transactions of

the llluminating Engineering Society 33, no. 2 (2001): 97-113.

Oungrinis, K.-A., M. Liapi, E. Gkologkina, A. Kelesidi, D. Linaraki, M. Paschidi, L. Gargalis, A. Klothakis, and D. Mairopoulos. “Intelligent

Spacecraft Modules: Employing User-Centered Architecture with Adaptable Technology for the Design of Habitable Interiors in Long-Term

Missions (IAC-13, E5,2.1x18985).” In Proceedings of the 64th International Astronautical Congress, Beijing, China, 2013. Digital publication.

Paterakis, lason, and Nefeli Manoudaki. “Osmosis: Designing Immersive Urban Environments Using Generative Artificial Intelligence.” In

Proceedings of SIGraDi 2024, 2659-2670. Barcelona, Spain, 2024.

Robinson, Sarah, and Juhani Pallasmaa, eds. Mind in Architecture: Neuroscience, Embodiment, and the Future of Design. Cambridge, MA: MIT

Press, 2015. https://direct.mit.edu/books/book/4048/Mind-in-ArchitectureNeuroscience-Embodiment-and.

Wilson, Edward O. Biophilia. Cambridge, MA: Harvard University Press, 1984. https://www.hup.harvard.edu/books/9780674074422.

Acknowledgements

This study was made possible by the Bulgarian Antarctic Institute—within the 33rd Bulgarian Antarctic Expedition—and the steadfast support
of the Hellenic Polar Zones Society, Laskaridis Shipping Company Ltd., the Hellenic Ministry of Foreign Affairs, Ministry of Development, the
Hellenic Parliament’s Environmental Committee, and the Greek Embassy in Argentina. We also thank Michalis Zervakis and Marios
Antonakakis (Display Lab, Technical University of Crete), Prof. Yvonne de Kort (TU/e), Efcharis Gourounti (TUC TIE Lab), our participants, and
Rosen Stefanov and Kamen Nedkov for essential collaboration and technical assistance.



